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Recent C-E Steam Generating Units for Utilities. 


0. H. HUTCHINGS STATION 


THE DAYTON POWER & LIGHT COMPANY 










































































Ti: C-E Unit illustrated here is one . 


of two such units now in process ff 





of fabrication for the O. H. Hutchings [ 
Station of The Dayton Power & Light | 
Company at Dayton, Ohio. 

The installation will be of the Semi- 
Outdoor Type. 











Each unit is designed to produce, 
at maximum continuous output, 
500,000 Ib of steam per hr at 1350 
psi and a total temperature of 950 F. 

The units are of the 3-drum type 























with 2-stage superheaters. Furnaces 
are fully water cooled with closely 
spaced plain tubes and are of the 
basket-bottom type. C-E Economizers 
and Ljungstrom Air Heaters follow 





















































the boiler surface. 





Pulverized coal firing is used em- Ff 
ploying C-E Raymond Bowl Mills 
and Vertically-Adjustable, Tangential 











Burners. This burner arrangement, in 
conjunction with Montaup-type by: 

















pass dampers, assures accurate con 


trol of superheat temperatures. 
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OU couldn't ask for much closer water level 

control than is indicated by these charts from a 
well-known Southern utility station. With a load 
range of from 200,000 to 430,000 pounds of steam 
per hour, extreme limits of drum-level variation are 
no more than plus-or-minus one-half inch. 

The steam generator is one of two Combustion 
Engineering three-drum units in this station. Each 
has a rated capacity of 425,000 pounds of steam an 
hour, delivered from the superheater outlet at 860 
psi and 835 degrees F. Equally close water level 
control is obtained on both high-duty units, which 
are equipped with two-element COPES Flowmatics. 





DIFFERENTIAL VALVES 


COPES Differential Valves maintain constant 
. pressure drop across the feed water regulator 
valves, regardless of changes in pump pressure 
or line friction losses accompanying wide fluc- 
tuations in boiler load. Individually designed 
for each installation. Available in separate 
bodies, as illustrated, or in combination 
with the feed water regulator valve bodies. 
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The complete story is told in Bulletin 469, a 16-page 
performance report on COPES Flowmatic in this and 
two other stations of the same utility system. Illus- 


trated with plant photographs, sectional views of the 
boilers and charts, this informative report is yours 
for the asking. Write for it. 


NORTHERN EQUIPMENT COMPANY 


876 GROVE DRIVE, ERIE, PENNSYLVANIA 
Feed Water Regulators, Pump Governors, Differential Valves, 
Liquid Level Controls, Reducing Valves and Desuperheaters 
BRANCH PLANTS: Canada, England, France 
Representatives Everywhere 


FLOWMATIC 


LIQUID LEVEL CONTROL 


For control of water or steam input or output, 
open or closed vessels. For throttling steam 
supply to fluid pumps. Semi-steel, cast-steel or 
forged-steel float chambers, with floats of dif- 
ferent sizes and materials to meet individual 
needs. The direct- or relay-operated COPES 
Valves have low friction, high lift, accurate 
balance, ports designed for each installation. 
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A Consumer Dilemma 


The recent wage agreement in the coal industry 
coupled with impending shortages of petroleum products 
due to increased demand for all forms of oil have put 
the squeeze on the consumer. In normal times a gradual 
switch from coal for heating, if for convenience alone, 
is to be expected. 

Uncertainties of a few months back in the coal indus- 
try affecting supply and ultimate cost to the consumer 
served to accelerate the demand for other fuels. Since 
the supply of gas for heating in the Eastern United 
States was far from adequate, oil was looked to for the 
solution. 


A recent editorial appearing in these pages told how 
oil users were facing curtailment due to shortages and of 
increases in the price of fuel oil to discourage its use. 
One of the large oil companies has just announced an 
increase in its price of several petroleum products to 
protect the fuel oil supply of its customers against the 
added competition of those who might be tempted to 
convert from coal to oil on the basis of sheer economics. 
It is again made apparent that the petroleum industry 
cannot now handle any sharply increased demand for 
fuel oil despite the fact that we are now importing oil 
from the Middle East. 

Although the recent boosts in coal prices have created 
an unbalanced price situation extremely favorable to 
oil, a large segment of domestic users will have to string 
along with coal. That coal has not lost appreciable 
ground is shown by a recent report of the Anthracite 
Institute indicating that the use of hard coal for heating 
in New England and the Middle Atlantic states had 
increased 2,100,000 tons a year since 1940. Part of this 
increase can be attributed to the greater occupancy of 
housing facilities. 

It is probable that despite increases in the price of fuel 


oil, even to the point where coal is definitely more 
economical, demand for oil will not slacken as many 
small users will be willing to pay for the convenience 
plus the added cost of conversion. However, it appears 
that the position of coal for heating purposes will remain 
strong. 


The foregoing will have little bearing, however, on 
.ction to be taken in industry other than to accentuate 
the scarcity of the lighter fuel oils; for inthe industrial 
field the economic aspects usually outweigh any con- 
sideration of convenience. 
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Meeting Increasing Power 
Demand 


Proponents of further federal hydro development 
received little encouragement when the Congress ad- 
journed without taking action on pending St. Lawrence 
legislation; in its substantial trimming of the Interior 
Department’s power budgets; and in turning over to 
the Army Engineers appropriations for flood control 
in the Southwest without reference to establishment of 
a Missouri River Power Authority. However, funds 
were provided for a substantial increase in capacity at 
Grand Coulee and some other Reclamation Bureau 
projects fared rather well. This department received 
the major portion of all the power appropriations 
amounting to over ninety-three million dollars. Many 
of the more drastic cuts made by the House were partly 
restored by the Senate and a compromise resulted in the 
Conference Committee. 


The ever-increasing power demand has now not only 
reached an all-time seasonal peak, but has passed the 
wartime winter peak. This fact has been cited by some 
public power advocates as pointing to an impending 
power shortage. However, authoritative sources within 
the electric utility industry give assurance that, although 
reserve capacity is still low, no actual power shortage 
is to be anticipated. There is between nine and ten 
million kilowatts of new steam capacity now on order of 
which it is estimated nearly two million will have gone 


into service by the end of the current year. Presumably, 
the rate at which new capacity is added will take care of 
increasing load and gradually build up the reserve, ex- 
cepi perhaps in isolated cases. Even there the extensive 
interconnection fostered by the war should obviate most 
local shortages. 


It is likely that St. Lawrence power, tied in as it is 
with a seaway project, may eventually materialize, 
perhaps as a self-liquidating project, especially as it 
now appears to have bipartisan support in Congress. 
The essential fact, however, is that the immediate situa- 
tion could not be altered by more federal hydro projects 
as they would take much longer to construct than steam 
capacity. Excluding unforseen events, the long-range 
program of extension put into effect by the utilities since 
the war is calculated to meet fully the normal increase in 
electric demands. 
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Five Years Performance of 


Minnesota Paper Mill 
Steam Generating Unit 


By A. S. OLIVER 


Supt. of Steam Power, 
Minnesota & Ontario Paper Co. 


During periods of 432, 357 and 346 days 
of continuous operation at from 200 to 230 
per cent rating, overall efficiencies ranged 
from 83 to 86 per cent on this 90,000-lb-per- 
hr unit generating steam at 450 psi, 600 F. 
Pulverizing cost, including power and 
maintenance labor and material, aver- 
aged 4.4 cents per ton over a period of five 
years. 


N 1941 the boiler plant of the Minnesota & Ontario 
Paper Company at International Falls, Minn., con- 
tained five C-E Heine-type four-drum boilers, each 

rated at 90,000 lb of steam per hr at 450 psi, 580 F, and 
two 15,000-lb per hr Erie City two-drum units designec 
for 150 psi, 430 F steam. Each of the five larger units 
was served by two Strong-Scott pulverizers and the two 
smaller units were fired with Riley stokers. 

Plans for extension of power facilities resulted in the 
installation, early in 1942, of a 90,000-lb per hr C-E two- 
drum Type VU steam generator to operate at the same 
pressure and steam temperature as the larger existing 
boilers. This new unit had a completely water-cooled 
furnace, a tubular air heater and was fired by four hori- 
zontal turbulent burners, supplied with pulverized coal by 
two C-E Raymond bowl mills. The mill capacity of 7400 
Ib per hr each was based on coal having a 100 Hardgrove 
grindability and grinding to a fineness of 80 per cent 
through a 200-mesh screen when containing 5 per cent 
moisture. Each mill was driven by a 60-hp motor. The 








Aerial View of Minnesota & Ontario Paper Company's Mill; plant on right is on American side of the International 
Border where this equipment is installed 
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unit was guaranteed to handle outputs from 40,000 to 
90,000 Ib per hr under the conditions listed in Table 1. 

Other equipment accompanying the new unit included 
a 53,000-cfm Clarage induced-draft fan, motor-driven at 
variable speed through a magnetic coupling; a 29,000-cfm 
constant-speed Clarage forced-draft fan, the air supply 
through the inlet louvre being controlled by a Hagan com- 


TABLE 1 PERFORMANCE GUARANTEES 

Evaporation, lb per hr 40,000 85,000 90,000 
Feedwater temp, deg F 218 218 218 
Press. at superheater outlet, psi 435 435 435 
Press. drops through superheater, lb 2.5 9.0 10,0 
Total steam temp, deg F ; 560 580 581 
Overall efficiency, per cent 84.9 852 85.0 
Fuel fired, 16 per hr 3,630 7,750 8,240 
Draft loss through boiler and superheater, in 

20 0,37 1,66 1,89 
CO: leaving boiler, per cent 14,3 15 15 
Boiler exit gas temp, deg F 532 640 650 
Combustion rate, Btu per cu ft per hr 11,350 24,200 25,750 
Gas through air heater, |b per hr 53,300 109,300 116,300 
Air through air heater, lb per hr 34,400 84,000 90,100 
Temp of gas entering air heater, deg F 532 640 650 
Temp of gas leaving air heater, deg F 351 403 409 
Temp of air leaving air heater, deg F 397 424 428 
Temp of air entering air heater, deg F 100 100 100 
Draft loss through air heater (air side), in. H2O 0,52 2,32 2,70 
Draft loss through air heater (gas side), in. HxO 0,44 1,74 1,89 


bustion control power cylinder; motor-driven six-stage 
Ingersoll-Rand boiler feed pumps of 350 gpm capacity at 
1260 ft head; Diamond soot blowers, Edward feed and 
check valves and Copes feedwater regulator. 

On the Bailey Meter boiler panel are mounted a steam 
flow-air flow recorder, an integrating and recording feed- 
water meter, a water level recorder, temperature re- 
corders, multipoint draft gage, pressure gages, etc. 

The Hagan combustion control functions through a 
master controller connected to the main steam header and 
conveniently coordinates the various combustion func- 
tions from the regulation of coal feed to the forced- and 
induced-draft fans. This control has not only con- 
tributed to a reduction in the coal bill but it proved most 
important during the war years when there was a short- 
age of trained operating personnel. 


Feedwater Supply and Treatment 


Raw water, which is low in hardness, is taken from the 
river and pumped through sand filters, then through a 
Permutit water softener. Coagulant and alkali are added 


TABLE 2—TYPICAL WATER ANALYSIS 


Analysis River Water Zeolite Treated Water 
Temporary hardness, CaCO; 18.8 0 
Permanent hardness, CaCO; 3.4 0 
Phenolphthalein Alk, CaCO; 0 
Methyl orange Alk, CaCO; 18.8 17.1 
Total dissolved solids 35.3 44.7 
Suspended matter 1.4 0.3 
Calcium bicarbonate, Ca(HCOs)s 16.0 1.3 
Magnesium bicarbonate, Mg(HCOs): 2.4 1.7 
Sodium bicarbonate, NaHCOs 0 23.0 
Calcium sulphate, CaSO« 0 0 
Magnesium sulphate, MgSO, 4.2 0 
Sodium sulphate, Na2SO, 0 10.0 
Calcium chloride, CaCls 0 0 
Magnesium chloride, MgCl: 0.06 0 
Sodium chloride, NaCl 8.4 6.8 
Silica, SiOe 3.2 1.4 
Iron and alumina, R20; 0.5 0.5 
PPhH 7.0 7.0 
Permanganate consumed, K MnO, 4.8 4.4 
Total hardness 21.2 3.0 


ahead of the filters for flocculating and suspended matter. 
The softened water, which comprises about 50 per cent of 
the total, is pumped to a surge tank into which also enter 
condensate returns from the manufacturing plant. This 
supply then passes through oil removal filters and both 
alkali and coagulant are added. Next the feedwater 
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Boiler front and control board, with F. Stein, A. S. Oliver 
and P. Laurence in foreground 


enters a Cochrane deaerating heater to which is added 
sodium phosphate and caustic soda. Very close control 
of the water conditioning is maintained by the Cyrus 
Wm. Rice & Co., feedwater chemists, who receive weekly 
and monthly samples of the water and who also conduct 
annual surveys. A typical water analysis is shown in 
Table 2. 


Performance of Unit 


Since being placed in service initially in April 1942, 
excluding periods when the plant was tied up by strikes 
and interruptions in material supply, this VU-type steam 
generator has been in operation 1444 days during which 
it produced over 2,385,000,000 Ib of steam. 

With the plant load geared to war production it was 
impossible to take this unit off the line for internal in- 
spection as frequently as would have been the case in 
normal times, or if the plant had contained sufficient 
steam generating capacity. Consequently our records 
show extended operating periods of 432, 357 and 346 
operating days without opportunity for internal cleaning. 
Despite this, continued efficient steam production was 
obtained. Operating data sheets showed average rat- 
ings of 200 to 230 per cent with peaks of 318 per cent dur- 
ing which overall efficiencies of 83 to 86 per cent were 
maintained. Minor slag difficulties were overcome 
through additional lancing and will be further remedied 
by soot blowers. 

As to the performance of the auxiliary equipment, 
there was no interruption due to the forced-draft fan and 
only slight difficulty was encountered with the magnetic 
drive on the induced-draft fan, where a tendency toward 
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over-heating was overcome by venting cool air around 
the drive. 

Data on the Raymond pulverizer operation from April 
1, 1942, to March 31, 1946, inclusive, were as follows: 


Tons of coal pulverized (2 mills) . 95,987 
Electricity to pulverize 95,987 tons. ; 1,079,852 kwhr 
Total power cost at 0.003 per kwhr...... ~ $3,239.55 
Maintenance material cost...... $762.00 
Maintenance labor cost........ - $318.00 

Total maintenance cost per ton of coal. . . . $0.0112 


sou eee 
Total cost per ton of coal (power and mainten- 
SN ac dca bliee seb sku ened eo ke beekens sah $0 .0442 


$0 .033 


The combustion control requires routine cleaning of 
pilot valves, since these have a tendency to accumulate a 
gummy deposit, but during such cleaning manual control 
is readily accomplished. 

An overall appreciation of results may be had when it 
is considered that the two 4000-kw turbines have been in 
continuous operation for from 2 to 3'/2 yr without being 
dismantled and are continuing to carry full load, which 
attests to the high quality of steam production without 
carryover and subsequent deposits on turbine blading. 

The pressing need for power and process steam contin- 
ues and another C.E. VU-type steam generating unit 
similar in design but of 150,000 Ib per hr rating was 
ordered and is now being installed. 
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Drum for new unit in position 
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Section through existing 90,000-lb. per hr unit 
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Quick Starting of High-Pressure 


Steam Turbine Units 


By J. C. FALKNER,* R. S. WILLIAMS} and R. H. HARE?t? 
Consolidated Edison Company of New York 


This paper, which was presented at the 
recent A.S.M.E. Semi-Annual Meeting in 
Chicago, describes a new method of quick 
starting high-pressure steam turbine units 
at locations where, because of relatively 
light night loads, some of the high-pres- 
sure units must be shut down each night 
and started early in the morning. The 
method described reduces the thermal 
starting-up stresses in the turbines and 
boilers, reduces the starting fuel losses and 
the personnel required, and increases the 
available reserve factor as compared with 
the conventional methods of starting up. 


OR many years the turbines of the Consolidated 

Edison Company of New York have been started in the 

conventional manner as prescribed by the manufac- 
turer, which calls for approximately 90-120 min to put the 
turbine on the line. As the load grew and the number of 
turbines increased, it became necessary, due to the load 
characteristics, to shut down approximately thirty-five 
turbines each night, some of which are topping units, and 
start them up again the next morning. At present there 
are six topping turbines and forty-four condensing tur- 
bines, with three additional topping turbines and four 
condensing turbines to be installed by 1951. 


System Load and Capacity 


The system load of the Company has almost doubled 
in the last 16 years, as the following figures indicate: 


; Net Generator Output Peak—Gross Generated 
Year for the Year, Kwhr per Hour, Kw 
1930 4,983 512,182 1,282,000 

1946 9,706 ,321,290 2,326,000 


No new stations have been added to take care of this 
load increase, but it has been accomplished by modern- 
izing the existing stations through the introduction of 
topping units exhausting into the low-pressure mains. 

Fig. 1 shows typical hourly loads for a winter day in 
1930 in comparison with 1946, and there has been added 
an estimated peak day for 1950 There is no marked 


+ 


* Manager, Electric Production Department 
' Superintendent, Waterside Station 
| Assistant Engineer, Waterside Station 
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morning peak; the load increases rapidly at a fairly uni- 
form rate from 7 a.m. to 10 a.m., levels, with a noon drop 
of about 15 per cent and then climbs from 3 p.m. to a 
peak at 5 p.m. It then falls at a fairly rapid uniform 
rate to a low at 4 a.m. 

Our system is tied in with the Niagara-Hudson Cor- 
poration for power interchange. During periods of high 
run-off we may be receiving hydro power up to 150,000 
kw per hour which still further reduces our night load. 
When this situation arises the system load generation is 
as follows: 


Present Capacity, 
Station Kw Kw 
Hudson Ave. 80,000 770,000 
Sherman Creek 50,000 221,000 
Hell Gate 160,000 630,000 
Waterside 160,000 438,000 
Gold Street Shut down 111,000 
East River Shut down 280,000 
Long Island Shut down 89,000 
Port Morris Shut down 60,000 
All Stations 450,000 2,599,000 
3500 
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Fig. 1—Systerm load characteristics 
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Fig. 2—Diagram showing location of thermocouples and 
corresponding temperature changes of metal 


TEMPERATURE CHANGE 
OF TURBINE 
METAL AFTER 
ROLLING START 
— POINT OF INSTALLATION Quick NORMAL. 
STEAM INLET-RIGHT SIDE. 55 125 
STEAM INLET-LEFT SIDE. 35 125 
TOP CASING-HEAD END-AT GLAND. 95 60 
TOP CASING-HEAD ENO-ABOVE GLAND. 60 60 
BOTTOM CASING-HEAD END-UNDER GLAND. 25 35 
BOTTOM CASING-HEAD END-ABOVE VALVE 
CHEST. 10 35 
VALVE CHEST-BOTTOM CASING-HEAD END- 
RIGHT SIDE ° is 
VALVE CHEST-TOP CASING-HEAD END-LEFT SIDE. 45 125 
TOP CASING-OVER SEVENTH STAGE. 80 60 
BOTTOM CASING-UNDER SEVENTH STAGE. 30 20 
ON EXHAUST PIPE. 130 120 
TOP CASING-EXHAUST END. 130 140 
TOP FLANGE-LEFT SIDE. 45 50 
BOTTOM FLANGE-LEFT SIDE. 45 50 
TOP FLANGE-RIGHT SIDE. 45 50 
BOTTOM FLANGE-RIGHT SIDE. 45 50 








The 80,000-kw load at the Hudson Avenue Station is 
the minimum load carried by two 160,000-kw turbines 
with most of the thirty-two stoker-fired boilers in a 
banked condition, ready to carry 770,000-kw load by 
9:00 a.m. 

The 50,000-kw load at the Sherman Creek Station is 
the minimum load on one high-pressure topping turbine, 
with one high-pressure boiler, plus the necessary low-pres- 
sure condensing turbines. 

The 160,000-kw load at the Hell Gate Station is the 
minimum load on one high-pressure topping turbine with 
two high-pressure boilers, plus the necessary low-pres- 
sure condensing turbines to carry the minimum exhaust 
from the high-pressure turbine and 600,000 Ib of steam 
per hour from the low-pressure boilers. This low-pres- 
sure boiler evaporation is necessary to supply makeup to 
the high-pressure boilers and to furnish generated load 
for regulation on the system. 

The 160,000-kw load at the Waterside Station is the 
minimum load on four high-pressure topping turbines, 
with seven high-pressure boilers, plus the necessary low- 
pressure condensing turbines. Two topping turbines, 
plus the necessary low-pressure condensing turbines are 
sufficient to carry this load; therefore, one, or possibly 
two, may be shut down. 


Principle of Quick-Start Method 


The “‘quick starting’’ idea was discussed with the Gen- 
eral Electric and Westinghouse turbine engineers approx- 
imately two years ago, and consists of simply admitting 
steam to the turbine at a temperature corresponding to 
that of the main parts of the turbine, such as valve chest, 
heavy flanged joints, top and bottom of casing, etc., after 
a shut-down period up to ten hours. 

It is well appreciated that starting and stopping high- 
pressure, high-temperature boilers and turbines two 
hundred or more times per year introduces problems not 
heretofore encountered. With this in mind, investiga- 
tions were made to see what could be accomplished in a 
way that would reduce the heat stresses in both turbine 
and boilers to a minimum and to reduce the starting cost, 
which in itself is a considerable item. As our greatest 
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number of high-pressure units are at Waterside, the in- 
vestigation was made at that location. 

The present high-pressure installation at this station 
consists of four units, each made up of two boilers and 
one high-pressure turbine, the turbines exhausting into a 
common 200-psig header, which supplies steam to seven 
low-pressure condensing turbines and to two steam mains 
of the New York Steam Corporation. The capacities of 
the boilers and the turbines are as follows: 


HIGH-PRESSURE BOILERS 


Two Boilers per Unit 


Rating Steam Press 

Unit Each, Temp. 

No. Manufacturer Lb/Hr Psig F 
4 Combustion 500,000 1200 900 
5 Combustion 500,000 1200 900 
6 Combustion 615,000 1250 925 
7 & W 615,000 1250 925 

HIGH-PRESSURE TURBINES 
One turbine per unit 
Unit No. Manufacturer Rating, each, Kw 
4 Westinghouse 53,000 
5 General Electric 93,000 
6 Westinghouse 65,000 
7 General Electric 65,000 


As a first step in the investigation, thermocouples were 
installed in the main leads to the turbine throttle, on the 
turbine steam chest and at different locations on the tur- 
bine cylinder and flanges on all four of the Waterside 
high-pressure turbines. The locations of these thermo- 
couples on unit No.7 are shown diagrammetically in Fig. 
2.1 Normal operating temperatures at these locations are . 


Location Deg F 
’ ; .. 925 

2 ere : 925 

3 830 


1 840 
) 850 
6 860 
7 ‘ P 920 
s Te ats eee ° 920 
prea 5 aia tile ha eh otis ee 





1 The complete paper contained similar diagrams for Units 4, 5, and 6 which 
are here omitted because of space restrictions 
2 The complete paper contained similar curves for Unit No. 6 
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Fig. 3—Metal temperatures of Unit No. 7 with normal start 


The temperatures found for normal start-up for Unit 
No. 7 are shown in Fig. 3° for each of the test locations, 
and on the bottom of these curves are given the turbine 
speed and the boiler output plotted at 40-min intervals. 

A study of these data revealed that the superheater 
and line drains were normally left open, so that the boiler 
pressure was reduced to 200-400 psig at the beginning of 
the rolling period, and was then gradually increased to 
approximately SOO psig at the time the turbine was up to 
speed. It was noted that the steam chests with tempera- 
tures of 650-700 F at the start were actually cooled 50 to 
120 deg F during the first hour of the rolling period due to 
the low initial steam temperature and the length of the 
rolling period. At the time the generator was synchro- 
nized, the steam chest temperatures had been brought 
back to approximately the same as at the beginning of the 
rolling period. 

Following the idea of maintaining minimum tempera- 
ture differences between the turbine and the entering 
Steam, the quick start-up procedure was developed. It 
was determined that the boiler could be “bottled up” by 
closing the induced-draft fan vanes, boiler stop valves, 
superheater and line drains, so that after an outage of six 
or seven hours the boiler pressure was approximately 850 
psig. It was also found that at low steam flows from the 
boiler, the steam temperature could be readily controlled 
bv varying the excess air. Test start-up procedures were 
then formulated for the boilers and turbines in an attempt 
to hold heat in the boiler and to eliminate the cooling 

ct on the turbine by rolling it with steam at a tempera 
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ture approximately the same as that of the metal tem- 
perature of the turbine casing. 


Quick Start-up Procedure 
Shut Down: 


l When the turbine is to be shut down, maintain normal 
drum pressure on both boilers, and take one off the 
line in a normal manner. 

2. When rating is zero, on the boiler taken off, open the super 
heater drain until pressure falls to 1000 psig; then close 
the superheater drain, the fan vanes, the boiler stop 
or non-return valves 

3. Drop rating on second boiler, in normal manner to 300,000 
lb per hr, maintaining normal drum pressure 

' oiler operator shall notify the High Board that boiler is at 
300,000 Ib per hr rating 

5. Both coal feeders are then tripped on this boiler 

6. High Board shall signal ‘‘Load Off” at 5000 kw, and 1000 
psig boiler pressure 


7. Turbine throttle shall be tripped (turbine to be kept on 
turning gear) 
8. “Bottle up” second boiler as prescribed in (2) above 


9. If during the outage period the drum pressure falls below 
700 psig on either boiler, bring pressure back to 850 psig 
by intermittent coal firing. 

Starting Up: 

10. When the turbine is to be started the turbine room engi- 
neer shall note the temperature of the selected turbine 
casing thermocouple and give this temperature to the 
boiler control operator. 

11. Boiler operator shall purge one boiler furnace, crack open 
the superheater drain, light ignition gas, open the super- 
heater drain wide, and put one coal feeder in service. 
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Fig.4—Metal temperatures of Unit No. 7 with quick start 
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Figs. 5 and 6—Comparison of metal temperatures of Unit No. 7 
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12, Boiler operator shall maintain steam temperature at the 
superheater outlet as near as possible to the turbine 
casing temperature, as given in (10). (This regulation 
is obtained by adjusting the excess air.) 

13. The superheater bypass damper shall be kept open 

14. When the boiler pressure has been stabilized at 800 to 850 
psig, open the turbine throttle and roll the turbine, in- 
creasing speed at a rate of approximately 300 rpm per 
minute. 

15. Both coal feeders shall be placed in service within seven 
minutes after the turbine rolls. 

16. Generator shall be synchronized within 15 min after start 
of the roll. 

17. During the entire rolling period the turbine metal and inlet 
steam temperatures shall be checked at frequent intervals. 

18. Both coal feeders shall be maintained at approximately 
minimum speed and superheater drain shall be closed. 

19. During the rolling time, the second boiler shall be lighted 
off and its pressure brought up to within 200 psig of line 
pressure. 

20. As soon as the turbine is on the line, the second boiler shall 
be put on the line with superheater drain and bypass 
damper wide open. The excess air shall be regulated 
in order to hold the steam temperature of the second 
boiler at the same temperature as the first. 

21. Both boilers shall be at line pressure within 20 min. 

22. Superheater bypass damper shall be regulated to increase 
steam inlet temperature at the rate of 100 deg F per 
hour. 

23. The turbine shall be loaded in the normal manner. 


A complete set of start-up data, using the quick start- 
up procedure was taken for each unit after a five- to 
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seven-hour shut down. Fig. 4 shows the metal tempera- 
ture changes during this method of starting for Unit No. 7. 
It may be noted that the cooling of the steam chest and 
heavy metal of the turbine casing was reduced consider- 
ably as compared with that of the normal start-up, and 
that the temperature stresses were not increased. For 
comparison between the conventional and the quick 
start-ups, see Figs. 5 and 6. 

The 200-psig turbine exhaust temperature charts for 
both types of start-up are shown in Fig. 7 for Unit No. 7. 
Note the length of time the exhaust temperature remains 
high for the normal start-up as compared with the quick 
start-up. 

Vibrations at various points on the turbine are better, 
or the same, during the quick start-up as with the normal. 
With the quick-start method the difficulty of bringing the 
unit through the critical speed period is completely elim- 
inated. 

The relative movement between the top casing and 
the stationary pedestal showed no change with one manu- 
facturer’s machine and a decided change on another. 
Turbines Nos. 5 and 7 have double casings so it is impos- 
sible to know the movement of the inner one, but with 
less chilling there should be less movement and less 
strains set up. 

No increase in stator or field maintenance due to quick 
starts of the units is anticipated. 
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Conclusions (Based on 24 Quick Starts) 


With the reduction of starting time for the high pres- 
sure turbines, the existing personnel will be sufficient to 
take care of all necessary starts. By not increasing the 

ersonnel, and with the reduction in starting costs, there 
will be an appreciable saving. In addition, this method 
will also be used at such times as either boilers or turbines 
must be taken off the line for minor maintenance. The 
juick start-up reduces the thermal stresses in the turbine 
and boiler; it reduces fuel costs for idle rolling, as well as 
uiditional personnel costs; and gives a better available 
reserve factor 

(Quick starting may also be used on low-pressure tur- 
bines taking steam from a main steam header, fed from 
iny number of boilers and with other turbines running 
irom the header, as long as desuperheating water is in- 
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Fig. 7—Turbine exhaust temperatures 











jected into the steam used for starting the turbine, and 
the temperature of the inlet steam is held equal to the 
temperature of the turbine inlet valve, heavy flanged 
parts, and turbine casing. 

With the conventional start, high-temperature steam 
is used to start a unit that may be several hundred de- 
srees cooler, with a resultant quick expansion toward the 
senerator of the turbine spindle, which heats up more 
tapidly than the casing. This reduces the clearances be- 
tween stationary and rotating parts and may cause se- 
nous damage. 
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Corrosion as Related to Acid 
Cleaning 


[TH the widespread employment of acid cleaning 

of boilers to remove deposits from internal surfaces, 
questions have arisen from time to time as to whether 
this procedure may have been responsible for certain 
cases of corrosion. Taking cognizance of such reports, 
the Prime Movers Committee of the Edison Electric 
Institute, through its Subcommittee on Chemistry, sent 
a questionnaire to its member companies, to which 25 
replied. . The results are discussed in the report on ‘‘Boil- 
ers and Combustion, 1946’’ which has just been pub- 
lished. 

Of the 25 companies replying, 17 employ acid cleaning 
and the majority opinion indicated that corrosion does 
not generally accompany acid cleaning. Of six stations 
reported as having encountered corrosion, two appeared 
to be doubtful cases. The nature and location of such 
corrosion was honeycomb attack on tube ends and hand- 
hole caps, corrosion of tube-roll bells and in highly 
stressed bend areas, as well as general etching of the sur- 
face affected. 


High-Acid Temperatures and Concentrations 
Favor Corrosion 


A study of the data showed that the group classified as 
having encountered corrosion had employed somewhat 
higher temperature of the acid than those who had no 
corrosion; that is, the average temperature for the 
former was 175 F and for the latter 155 F. The data 
indicated that as a precaution against corrosion, high 
acid temperature, high acid concentration and keeping 
the acid too long in the boiler should be avoided. The 
desirable limits appeared to be 155 F, 5 per cent acid con- 
centration and 5'/; hr. Local areas of high acid tem- 
perature resulting from too high metaltemperature should 
be avoided. 

The Committee failed to discover from the question- 
naires any connection between corrosion and the inhibi- 
tors employed, and the opinion was expressed that inhibi- 
tors tend to be less effective at high temperatures and at 
higher acid concentrations; also, in some cases the in- 
hibitor may materially reduce the rate at which deposits 
are removed and therefore increase the time of contact 
required. 

Boiler deposits reported consisted generally of black 
iron oxide and copper with occasional small amounts of 
calcium phosphate and silica deposits, but there did not 
appear to be any relation between the nature of the 
deposits and the corrosion. 

The usual practice after acid cleaning was to dump 
the acid and immediately fill the boiler with water, then 
to flush with an alkaline solution. For this purpose soda 
ash was generally used, although in two cases sodium 
hydroxide was employed and one used sodium meta- 
silicate. One boiler was treated with a mixture of sodium 
hydroxide, sodium silicate and tri-sodium phosphate, the 
belief being that the silicate sets up a resistant coating on 
the metal. The alternate method of adding water to the 
boiler while the acid drains is not favored because it 
tends to precipitate dissolved material as the acid 
solution becomes diluted. 
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More than a century ago Powell 
started pioneering in the field of 
industrial valves. 


The first bronze regrinding globe 
valve was a Powell “‘first”’ 


And, twenty-five years ago, with 

the establishment of the Special 

Design and Alloy Valve Division, 

Powell Pioneers were the first to set forth on the trail to a line of corro- 
sion-resistant valves for the chemical and process industries. 


Today the complete Powell Line includes Bronze and Iron Valves of 
every required type, design, size and pressure; Cast Steel Valves of 
every type, in pressure classes from 150 to 2500 pounds; and, for the 
chemical and process industries, a complete line of Corrosion-Resistant 
Valves in many special designs and the widest range of pure metals 
and alloys ever used in making valves. 


Fig. 6065 W. E.—Class 600-pound 
Cast Steel Horizontal Lift Check 
Valve with welding ends and bolted 
flanged cap. 


Fig. 3031 S. S.—Class 300-pound Stainless Fig. 1323—Class 1500-pound, 
Stee! Globe Valve, made to ASA dimensions 8”, Cast Steel Gate Valve with 
and especially adapted for high pressure, high welding ends, welded bonnet 
temperature boiler feed water treatment solu- and special by-pass. Top mount- 
tions. Has flanged ends, bolted flanged bon- ed electric motor operator pro- 
net and outside screw rising stem. Also avail- vides quick, positive opening 
able with socket welding or butt welding ends. and closing by remote control. 


The Wm. Powell Co., Cincinnati 22, Ohio 


DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 


Fig. 1393—Class 1500-pound, 14’, 
Cast Steel Non-Return Angle Valve 
with welding ends and bolted flanged 
bonnet. Toggle operated for easy open- 
ing and closing of valve. 
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Work of Fuel Research Station 
in Study of Boiler Deposits 


In the March issue was published a digest 
of an interim report of the British Boiler 
Availability Committee on ‘“‘External De- 
posits and Corrosion in Boiler Plants.’’ 
The present notes are from a paper by 
Dr. H. E. Crossley, dealing with work on 
boiler deposits as carried on by the Fuel 
Research Station of the Department of 
Scientific and Industrial Research which 
has been collaborating with the Boiler 
Availability Committee. The investiga- 
tion was directed mainly toward the types 
of deposit due to various constituents of 
coal. 


station boilers and 500 samples of coal were col- 
lected and examined at the Fuel Research Station. 
The high-temperature deposits, in the form of “‘bird- 
nesting’”’ on the tubes nearest the combustion chamber 
and as hard deposits on the superheater tubes, appear to 
be of three main types, which can be classified as re-fused 
ash, alkali-matrix and phosphatic. Most of the fly ash 
entering the boiler passes is in the form of spherical par- 
ticles (See Fig. 1), highly colored in the case of stoker fir- 
ing, but black and white with pulverized coal firing. 
These spheres are often solid when they settle on or pass 
the first tubes, but if the temperature is sufficiently high 
the spheres may be partly molten at this point, or a rise 
in temperature may melt them after deposition. The 
result is fusion into a clinkerlike mass. Such re-fused ash 


Gisut 700 samples of deposits from British power 





Fig. 1—Photomicrograph of fly-ash spheres 
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although common on the front steam-generating tubes, 
occurs less frequently on superheaters. While such for- 
mations are encouraged if the fly ash has a relatively low 
melting point, the main cause of the trouble is high tem- 
perature which is usually associated with the boiler de- 
sign and method of operation. 

The alkali-matrix type of deposit (Fig. 2) appears 
under the microscope as a whitish mass in which fly-ash 
spheres are embedded. When this is washed with water 
the whitish mass is mostly dissolved, leaving the fly-ash 
spheres which are not fused together. 

The phosphatic type of deposit is relatively uncommon. 
When it does occur there is usually an outer hard shell 





Fig. 2—Photomicrograph of alkali-matrix deposit 


which has a characteristic appearance when seen through 
the microscope, as in Fig. 3. Inside the shell is a soft 
cone of fly ash which, if treated with phosphoric acid, 
gives a substance resembling the shell as shown in the 
photomicrograph of Fig. 4. 


Chemical Compositions 


The chemical compositions of the three types of deposit 
show important differences, as revealed in Tables 1 and 
2. The re-fusion type contains alkali oxides, sulphur 
trioxide and phosphorous peritoxide, similar to those 
found in coal ashes. The alkali-matrix type contains 
relatively large amounts of alkali oxides and sulphates, 
and the phosphate type a relatively large amount of phos- 
phate, compared with coal ashes. The white substance 
which acts as the bonding agent in alkali-matrix deposits 
is rich in the sulphates or bisulphates of the alkali metals, 
sodium and potassium. The alkalis occur in coal in two 
forms — as relatively non-volatile constituents of the 
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rABLE 1—EXAMPLES OF THE COMPOSITION OF TYPES OF “BIRD 
NESTING” 


Re-fusion Type— Alkali-Matrix Type — 


Whole Deposit, White Inner Brown Outer 

Constituent Blackish Layer Layer 

SiOe 30.7 9.2 21.6 

Fe2Os3 21.2 21.1 25.0 

Al2Os 27.8 10.0 18.1 

(NaK)20 3.6 14.7 9.5 

P2Os 0.3 0.2 0.6 

SOs 2.9 29.8 20.6 


shaly matter, and as chlorides which are easily volatilized. 
The chlorine content of coal has therefore been taken as a 
measure of the volatile alkalis present. The phosphates 
in deposits are derived from phosphorus compounds set 
free during the combustion of the coal. 


Economizer and Air-Heater Deposits 


It has already been shown that hard economizer de- 
posits are of two main types, which may be called ‘‘sul- 
phatic’’ and “‘phosphatic."" The former is readily dis- 
integrated by soaking in water, but the latter is not, be- 
cause the phosphates are mainly those of aluminum and 
iron. 

The most troublesome air-heater deposits are sticky 
and usually contain appreciable amounts of sulphuric 





Fig. 3—Photomicrograph of hard shell of phosphatic super- 
heater deposit 


acid. The acid accumulates by condensation and the 
amount is affected mainly by temperature of the metal 
surfaces. 

It is apparent, therefore, that the constituents of coal 
most concerned with troublesome deposits are alkalis 
(indicated by the chlorine content), sulphur and phos- 
phorus. The results of twenty years work by the Coal 
Survey Laboratories of the Fuel Research Station include 


TABLE 2—EXAMPLES OF THE COMPOSITION OF TYPES OF SUPER- 
HEATER DEPOSITS 
-—Alkali-Matrix Type— 


-—Phosphatic Type— Re-fusion Type 


Consti- White Brown Brown Hard White Brown Hard White Blackish 
tuent Inner Friable Outer Layer Inner Outer Layer InnerHardOuter 

Layer Core Layer Layer Layer 
SiOz 49.9 43.0 42.8 10.0 18.6 17.3 35.5 
Fe20; 7.8 6.2 5.7 14.5 15.6 28.3 23.4 
AlsO; 6.2 22.4 18.1 2.0 17.5 11.1 21.7 
(NaK):0 4.4 0.5 0.5 24.9 12.8 8.6 3.5 
P20; 10.6 3.5 8.2 2.6 2.5 0.2 0.3 
SO; 6.5 1.8 1.8 42.5 27.3 30.9 6.0 
38 


Fig. 4—Photomicrograph of fly ash treated with phosphoric 
acid 


sufficient information on the chlorine, sulphur and phos- 
phorus contents of British coals to enable classification of 
the amounts of these constituents into high, medium and 
low groups as indicated in Table 3. 

Investigation has shown that phosphorus compounds 
are not volatilized during the combustion of pulverized 
coal, hence no appreciable phosphatic deposits are found 
even when burning coal of relatively high phosphorus con- 
tent. There is a relatively slow volatilization of phos- 
phorus from traveling grates when burning high-phos- 


TABLE 3—CLASSIFICATION OF THE AMOUNTS OF CHLORINE 
SULPHUR AND PHOSPHORUS IN BRITISH COALS 


————(lassification limits, per cent of coal 


Constituent High Medium Low 

Chlorine Over 0.3 0.15t0 0.3 Less than 0.15 
Sulphur Over 1.8 1.3 to1.8 Less than 1.3 
Phosphorus Over 0.03 0.01 to 0.03 Less than 0.01 


phorus coals and a correspondingly slow development of 
phosphatic deposits. In deep fuel beds, such as employed 
with retort stokers, however, phosphatic deposits can form 
rapidly when the fuel-bed temperatures are high. Where 
only a little phosphoric acid is present in the flue gases, 
the greatest amount of condensation is usually either 
near the boiler outlet, or in the economizer section. No 
case has yet been found where coals of low or medium 
phosphorus content have been associated with phosphatic 
deposits. 


Effects of Chlorine 


Correlation was then sought between the chlorine 
content of coals burned, and trouble from high-tempera- 
ture deposits of the alkali-matrix type, and between the 
sulphur content of coals and air-heater deposits and cor- 
rosion. 

Of the power stations burning coals of high- and med- 
ium-chlorine content, twenty-eight had _ stoker-fired 
boilers and eight burned pulverized coal. All the stoker- 
fired stations reported deposits on the front bank of boiler 
tubes and superheater as the principal cause of outage, 
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with the average boiler run between 980 and 1180 hr. 
On the other hand, none of the eight pulverized-coal-fired 
plants reported deposits other than re-fused ash. 

Eleven plants burned coals of a mixture of high-, med- 
ium- and low-chlorine types, all stoker-fired. Ten of 
these had shutdowns due to deposits on the front boiler 
bank and superheater; and the eleventh plant, which 
also used pulverized coal, reported no trouble of this 
character. 

At nineteen power stations the coals were of medium- 
and low-chlorine content. Eighteen of these employed 
mechanical stokers. Only five of the eighteen reported 
outages from high-temperature deposits, with average 
boiler runs of 2700 to 3600 hr. 

Seventeen stations reported burning low-chlorine coal. 
Fifteen of these had stokers and two employed pulverized 
fuel. None of these stations, however, experienced 
trouble from deposits. 


Trouble Reported from Sulphur 


In the correlation of sulphur content of coal with air- 
heater deposits and corrosion, at ten stations burning 
medium- to high-sulphur coal, nine had mechanical 
stokers and reported trouble, the boiler runs without 
shutdown being from 1380 to 1610 hr. Of ten other 
stoker-fired plants burning low-, medium- and high-sul- 
phur coal, four reported acute trouble and the remaining 
six only minor trouble with air-heater deposits. On the 
other hand, eight stoker-fired and four pulverized-coal- 
fired plants burning low-sulphur coals reported no trou- 
ble. 

It was therefore apparent that, from the standpoint of 
chlorine and sulphur contents of the coals, air heaters of 
boilers fired with pulverized coal were affected much less 
than those that were stoker fired. 


Pulverizer Capacity 


Two factors generally recognized as affecting pulver- 
izer capacity are grindability of the coal and its moisture 
content. While the former is a matter of fuel avail- 
ability, the effect of the latter can be controlled through 
equipment design. The influence of high moisture on 
mill capacity can be rendered small if air at sufficiently 
high temperature is made available for mill drying. It 
follows that in selecting equipment to handle coals which 
are likely to have a wide range in grindability and mois- 
ture content, it becomes necessary to choose pulverizers 
sufficiently large to take care of coal of the lowest grind- 
ability economically available to the plant, and also to so 
apportion the heat-recovery section of the steam-generat- 
ing unit so as to provide air at a temperature that will dry 
the maximum moisture encountered. 

f course, when mills are selected on this basis they 
are likely to be oversize for normal operating conditions; 
anc the range in steaming capacity with all mills operat- 
ing will be reduced, because of the higher air-coal ratio at 
partial load. Therefore, it is desirable whefi selecting a 


pulverizer to specify as closely as possible the expected 
griiidability range. 
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ARMSTRONG 
Forged Steel 
STEAM TRAPS 





Your choice of 
screwed or flanged 
connections. Range 
of sizes and pres- 
sure standards. 


QUALITY CONSTRUCTION! 


@ VALVE AND SEAT. Special chrome steel (stain- 
less), hardened, ground, and lapped in matched 
sets. : 

@ INTERNAL TRIM. All-stainless 18-8. Includes 
inverted bucket, valve lever, and guide pins. 

@ CAP AND BODY. Die forging (SAE 1030), 
79,000 Ibs. tensile strength. 

@ BOLTS. Supertemp, 149.000 Ibs. tensile 
Strength. 


@ NUTS. Hex, semi-finish (SAE 1030). 











T’S EASY to get dependable, trouble-free, high 

pressure trap installations when you use Arm- 
strong Forged Steel Traps and follow Armstrong 
recommendations. 

Here are some tips. Calculate the “warming up” 
load as well as the normal radiation loss load. Con- 
sider the possibility of sudden loads due to “carry- 
over” or opening of closed valves. Use a trap sizing 
safety factor of 2 or 3 to 1, except when pressure 
loss in long connecting lines may make a higher 
factor advisable. If possible, install traps close to 
and below source of condensate. If check valves are 
needed, consider the use of Armstrong internal type 
check valves. 


ARMSTRONG MACHINE WORKS 


814 Maple Street 1 : Factory Trained 


Three Rivers Representatives 


Michigan fe in Principal Cities 


























This is the sedimentation tank for the Cochrane Cold Process Softener. Its dimensions are based on a 2 hr. re- 
tention time for softening plus storage space for 20,000 gal. backwash water for filters and zeolite softeners. 


4 & +d Cochrane Water Conditioning 
Equipment installed at a prominent 
steel plant in Minnesota, is a fine ex- 
ample of Cochrane’s ability to solve any 
problem having to do with the condition- 
ing of boiler feed water. 


1. A Cochrane Clarifier (Rapid Reactor) 
of 32,500 GPH capacity, the sedimenta- 
tion tank of which appears above. The 
chemical feeds shown below (center) 
comprise coagulant and alkali tanks with 
proportioners and feed pumps. The pro- 
portioners are electrically controlled by 
an indicating, recording and integrating 
electric flow meter. 


2. The Cochrane Vertical Pressure Filters 
are also shown below (right) and in the 
foreground an alkali tank with a stirrer 
for the addition of alkali to control the 
pH value after filtering. 

3. A 3-unit Cochrane Carbite (Carbo- 
naceous Zeolite) Softener. Maximum 
total rate. of 543 GPM. 

4. A Cochrane (Tray type) Deaerator of 
320,000 lbs/hr consisting of 70,000 to 
270,000 Ibs. of condensate at 100°F. from 
surface condensers. The make-up comes 
from the Cochrane Zeolite Softener at 
50°F. Water of zero oxygen is delivered 
to two boilers. This installation illus- 


trates the versatility of Cochrane equip- 
ment and attests to the wealth of experi- 
ence that makes possible this versatility. 


Write for recommendation 
on your own water problems. 


COCHRANE CORPORATION 


3109 N. Seventeenth St. 
Philadelphia 32, Pa. 














Cochrane Cylindrical Rolled Plate Deaerator with 
Storage Tank. 





Cochrane Chemical Feed showing lant and 








alkali tanks with proportioners and feed umps. 


Cochrane Vertical Pressure Filters with an Alkali 
Tank in the foreground with a stirrer for the addition 
of alkali to control the pH oalue after filtering. 
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Some Notes on 
: Boiler Practice 
in Germany 











By Dr. F. O. A. MUNZINGER by the fact that of the total capacity of high-pressure 
boilers 34.2 per cent is in the 1100- to 1300-psi range, 24.5 
per cent in the 1400 to 1700-psi range and 42.3 per cent 
1750 psiand over. The highest pressure used is 2200 psi 


Consulting Engineer, Berlin 











in 156,000-Ib-per-hr natural-circulation boilers operating 
For many years De. Munsinger wes ro- ina coal-mine power plant. Eighty-nine per cent of all 
ded send thorit German high-pressure boilers are fired by pulverized coal, 
. ae ee ae on . ay on 60 per cent using bituminous coal (Steinkohle) and 40 per 
German power plant practice and, cent brown coal, of about 4000 Btu per Ib calorific value, 
through his numerous books and pub- and coke from brown coal low-temperature carbonization 
lished papers, prior to World War II, was (Schwelkoks). 
well known to many American engineers. The largest of the German boilers is rated at approx- 
In this brief review of German practice he imately 400,000 Ib per hr, whereas the average central sta- 
touches upon prevailing steam conditions, tion unit is around 250,000 Ib per hr and the average for 
sizes of units and features of boiler design the larger industrial plants, such as chemical works, was 


around 150,000 Ib per hr. Plants for the hydrogenation 
of brown coal by the Bergius process prefer relatively 
small boilers because the sudden outage of a large boiler 
with the consequent loss in capacity might seriously dis- 
turb the very sensitive process. 


adapted to burning the lower grade high- 
ash coals. In a subsequent article, or 
articles, we expect him to discuss certain 
specific problems and how they were met. 


improved during the last twenty years. Steam pres- 

sures from 1100 to 2200 psi are now widely employed 
in German electrical and industrial power plants of any 
importance. The number of boilers in operation or under 
construction having a pressure of 1100 psi or more and 
| their combined outputs at the end of 1932, 1938 and 1944 
| — were as follows: 


bir construction and design have been greatly 


ee eee ea 


Year Boilers Combined Output, Ib per hr 


1932 8 800,000 (100,000 Ib average) 
1938 202 32,000,000 (158,000 Ib average) 
1944 448 78,000,000 (174,000 Ib average) 


Of 140 high-pressure boilers having individual ratings 
of 200,000 Ib per hr and over, approximately two-thirds 
are working with natural circulation and one-third with 
forced circulation. Among the latter the Benson once- 
through type predominates. Only about 35 per cent of 
the total high-pressure boiler capacity (1100 psi and over) 
is installed in public utility plants. The reason for the 
larger proportion of high-pressure capacity having been in- 
Stalled in industrial power plants is that high steam pres- 
sure is far more advantageous in connection with the high 
back pressure of industrial power plants than in electric 


generating stations using a very high vacuum. The tend- Fig. 1—Late boiler design embodying the so-called ‘‘chan- 
ency to very high pressures is obviously demonstrated nel’’ type superheater 
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Fig. 2—Note separation drum and risers 


Although Benson boilers are now working satisfactorily 
and with high efficiency, their share in.the total number 
of high-pressure units going into service decreased from 
12.1 per cent in 1939 to only 1.1 per cent in 1941. How- 
ever, it is beyond the scope of this paper to deal with the 
rather complicated causes of this situation. 

About 15 per cent of the high-pressure plants are em- 
ploying steam temperatures from 885 to 910 F, about 70 
per cent 930 F and 15 per cent 950 to 1000 F. It is the 
author’s opinion that the future will see electric utility 
plants employing pressures of around 2300 psi with live 
and reheated steam temperatures of around 1100 F. 
Otherwise steam power will not long be able to compete 
successfully with gas turbines, especially with the aerody- 
namic gas turbine. Such turbines with an output of only 
2000 kw have attained almost the same efficiency as the 
most modern steam power plants with 30,000 to 50,000 
kw turbines. 

Progress in German boiler construction has been due 
principally to three factors, namely: 

1. Improvements in the manufacture of steels for high 
temperatures and improvements in the fabrication of large 
boiler drums. 

2. Achievements in the investigation of circulation of 
boiler water and the uniform distribution of feedwater in 
the economizer; also the avoidance of hard deposits on 
the boiler, superheater and economizer tubes due to for- 
mation of sulphides of Si, Ca, Fe, etc., in the furnace. 

3. Some new boiler designs embody the so-called 
“channel superheater’” (Fig. 1), a separation drum 
(Fig. 2) and a clever arrangement of the risers with re- 
gard to the upper boiler drum and of the connections be- 
tween this drum and the superheater. By the two latter 
means even with chemically treated feedwater and high 
steam pressures very clean steam can be produced. 

The channel superheater, invented by the Kohlen- 
scheidungs-Gesellschaft of Berlin, is‘of the radiant type 
and consists of tangent superheater tubes arranged in 
vertical planes spaced 2 to 3 ft apart. Thus the tubes 
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present a relatively smooth surface to which molten ash 
particles cannot cling and the wide spacing prevents th: 
bridging over of ash and slag. 

With the Roeckner milling process steel ingots up to 
70 tons can be rolled and seamless drums can be produced 
at moderate price, with a length up to approximately 60) 
ft, an outside diameter of 70 in. and a wall thickness o/ 
6 in. The riveting of boiler drums has totally disap 
peared, practically all boiler drums being electrically 
welded, rolled or forged. 

By the classification of all boiler steels in three groups, 
which must be carefully observed by all steel mills, the 
number of faulty tubes has been greatly reduced. Ac- 
cording to the highest class, III, covering pressures of 
1100 psi and above, the outer layers of the steel ingots 
have to be removed before they are milled and several 
tests and examinations of the tubes have to be executed 
before the tubes reach the boiler manufacturer. 

The boiler and superheater tubes are almost without ex- 
ception rolled into the drums and heaters. In the econ- 
omizers all gaskets are carefully avoided because water 
of high pressure and high temperature rapidly deterior 
ates most gaskets. 

The late Professor Foettinger and other German en 
gineers have done much constructive work in formulating 
conditions for uniform distribution of feedwater in the 
economizer and of steam in the superheater tubes ar- 
ranged in parallel; also by elucidating the causes of some 
cases of unstable water flow in boiler tubes under forced 
circulation, The latter work has been of great benefit 
to Benson boilers by putting an end to the burning of 
tubes, the causes of which could not be properly ex- 
plained in former years. 

In the design shown in Fig. 2 a steam-separating drum, 


‘having its own water level, is placed 3 to 5 ft above the 


upper boiler drum, with which it is connected by water 
and steam tubes. The boiler risers are connected with 
the separating drum and the downcomers and the super- 
heater tubes with the upper boiler drum in a specific 
manner. Very pure steam is reported to be produced by 
this arrangement without plates or other drum internals. 

With this arrangement even brown coals containing 
troublesome ash can be burned successfully. In this 
connection the necessity of burning very big quantities of 
low-temperature coke from brown coal with very agres- 
sive ash—at first causing endless trouble—has proved to 
be one of the most effective instigators of improvements 
in modern German boiler design. 
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Thermodynamics of 
Steam and Gas Turbines 


HE temperature-entropy diagram, 

Fig. 1, represents a simple steam proc- 
ess in which area 1 is the heat rejected to 
the condenser, area 2 the mechanical out- 
put, and | plus 2 the total heat supplied 
While the efficiency seems fairly high, it is 
far from ideal; in fact, a Carnot cycle be- 
tween the same temperature limits would 
give a rectangular diagram corresponding 
to a considerably higher efficiency. 

Fig. 2 shows how the steam process may 
approach this ideal. The sum of areas 1, 
2, 3, 4 and 5 represents the heat supplied, 
but part of this heat, | plus 4, is taken not 
from an external source but from the cycle 
itself, since steam corresponding to area 3 
is extracted and used for heating the feed- 
water instead of going to the condenser. 
Consequently, area 3 equals areas | plus 4. 
Therefore, only the heat represented by 
2 plus 3 plus 5 is supplied from the outside 
only and 1 plus 2 is ultimately lost to the 
condenser. The mechanical output is rep 
resented by 4 plus 5. 

Thus with area 3 cancelling 1 plus 4, 
the simplified diagram, Fig. 3, may be con- 
sidered in which areas 1 plus 2 represent 
the heat supplied from without; 1 being 
that Jost to the condenser and 2 the theo- 





"Cc 














soil 
100 























GROWN BOVERI 647684 


Fiz. 1—Simple high-pressure steam 
cycle 
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The following abstract is from 
a paper by A. Meldahl, delivered 
before a large group of visiting 
engineers at the works of Brown 
Boveri & Co., Baden, Switzer- 
land, and subsequently pub- 
lished in a special issue of The 
Brown Boveri Review. Entropy 
diagrams for both cycles are 
compared and the conclusions 
confirm the opinion that for 





large power stations the steam 
turbine will continue to be the 
more economical prime mover, 
whereas for smaller capacities 


the gas turbine in many cases 








offers attractive possibilities. 





retical output. Feedwater heating with 
bled steam will make the cycle approach 
the ideal Carnot. 

A further improvement is possible if the 
steam is reheated, as shown in Fig. 4, but 
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Fig. 2—High-pressure steam cycle 
with extraction for feedwater heating 


Compared 


even with this, the cycle is far from the 
ideal. 

Fig. 5 shows the temperature-entropy 
diagram of a single-stage gas turbine, the 
efficiency of which is not very high, since 
the output 2 is small compared with the 
total heat supplied, 1 plus 2. 

A two-stage gas-turbine cycle is repre- 
sented by Fig. 6 and shows considerable 
improvement over Fig. 5, both diagrams 
being drawn for the same amount of air. 
Fig. 6 further shows that a two-stage tur- 
bine plant delivers about twice the output 
for the same air quantity, from which it 
follows that for the same output the tur- 
bines and compressors will be smaller. 
On the other hand, the two-stage installa- 
tion has the drawback that part of the lost 
heat area 1’, cannot escape directly to the 
atmosphere, but needs a special cooler. 

As in the case of a steam turbine, part 
of the heat loss can also be recuperated 
with a gas turbine. This is shown in Fig. 
7 where the total heat input is the sum of 
areas 1, 2, 3, 4 and 5, and the heat loss is 1 
plus 2 plus'3. However, part of 3 is 
passed through a recuperator and is used 
for preheating the compressed air. The 
corresponding heat is represented by | plus 
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Fig. 3—Simplified diagram of high- 
pressure steam cycle with extraction 
for feedwater heating 
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Fig. 4—Steam cycle with reheating 


4. Consequently, only the heat shown by 
2, 3 and 5 has to be supplied from without 
and tke heat loss amounts only to 1 plus 2, 
with the output remaining 4 plus 5. 

The areas 3 and 1 plus 4 again mutually 
cancel, thus giving the Simplified diagram 
shown in Fig. 8. In this 1 plus 3 is the heat 
supplied, 1 plus 2 is that lost and 3 minus 
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Fig. 5—Single-stage gas turbine cycle 
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2 is the mechanical output. Area 2 repre- 
sents the loss from the temperature drop 
in the recuperator. 

Comparison of the steam- and gas-tur- 
bine diagrams shows the theoretical effi- 
ciency of the gas turbine to be superior, 
but from this it cannot be inferred that the 
gas turbine is really always better than the 
steam turbine, since the inevitable power 
plant operating losses are greater for the 
gas turbine. This is made clear in Figs. 9 
and 10. 

Fig. 9 is a diagram of a simple steam 
cycle, but unlike Fig. 1, the thermo- 
dynamic efficiency of the turbine is sup- 
posed to be 0.85 instead of unity. The 
heat supplied is 1 plus 3, that lost 1 plus 2 
(the area 2 being the turbine loss) and the 
output 3 minus 2. 

Fig. 10 shows the influence of losses on 
the gas turbine process. The heat sup- 
plied is 2 plus 4, and that lost is 1 plus 2 
plus 3. It follows that the net output is 
4 minus 1 minus 3, the area 1 being the 
compressor losses and 3 the turbine losses. 
Although the efficiencies of the turbine and 
the compressor are the same, the influence 
of the losses on plant efficiency is much 
more serious in the case of the gas turbine. 


Conclusions 


The efficiency of the gas turbine may be 
increased by employing a large heat- 
exchanger, but whether this may be worth 
while is an economic question. On the 
other hand, technical possibilities are 
rather limited where improvement of steam 
plant efficiency by means of feedwater 
heating is concerned. 

A gas turbine gains much more from in- 
crease in inlet temperature than the steam 
turbine, and further increases in such tem- 
perature will be to its advantage. 

Steam turbines cannot effectively utilize 
lower cooling water temperatures as the 
low-pressure blading cannot handle the 
enormous steam volumes. The gas tur- 
bine is not subject to such limitation. 

The influence of low air temperature is 
particularly interesting. Cycle efficiency 
increases and compression work decreases 
in proportion to the absolute temperature. 
This compression input is, however, about 
three times the net output, and as the net 
output is the difference between turbine 
output and compressor input, the propor- 
tion of increase of net output is consider- 
able. Furthermore, since an axial com- 
pressor works at approximately constant 
volume, the air delivery rises with lowering 
temperature. A decrease of 15 to 20 deg 
C in inlet temperature results in an in- 
crease of net output of about 25 per cent 
with an increase in efficiency of about 5 
per cent. Consequently gas turbines are 
especially adaptable to winter peak load 
service. 

As previously mentioned, the gas tur- 
bine gains much more by increased inlet 
temperature than the steam turbine, the 
maximum inlet temperature being limited 
by the strength of the blades at this tem- 
perature. For this reason further develop- 
ment of the gas turbine is closely related to 
progress in metallurgy. During the war 
alloys were developed for aero engine ex- 
haust turbines showing high strength at 
temperatures of 750 to 800 C (1382 to 
1472 F), but unfortunately most of these 
alloys have only a short life and cannot 
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Fig. 6—Two-stage gas turbine cycle 


yet be recommended for ordinary gas tur- 
bines. 

As already pointed out, the efficiency of 
the gas turbine depends to a considerable 
extent on the amount one is prepared to 
invest in heat-exchangers. This can be 
determined by plotting fixed charges 
against running expenses. 

From the various economic considera- 
tions involved it can be concluded that: 
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Fig. 7—Gas turbine cycle with heat- 
exchanger 
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Fig. 8—Simplified diagram of gas 


turbine cycle with heat-exchanger 


1. For large power stations steam will 
continue to be the more economi- 
cal, 


to 


Where oil or gas is available, the gas 
turbine may prove more economi- 
cal in some cases in capacities up 
to 10,000 kw. 

3. The economic prospects of the gas 
turbine increase with short run- 
ning hours, cheap oil, or expensive 
coal, restricted space, scarcity of 
cooling water, and low atmos- 
pheric temperatures. 


Ordnance Plant Converted to 
Synthetic Fuels 


Conversion of the Missouri Ordnance 
Works near Louisiana, Mo., from syn- 
thetic ammonia to synthetic liquid fuels 
production is under way with the construc- 
tion schedule calling for the plant to be 
producing gasoline and oil from coal and 
lignite by June 30, 1948. 

Centrally located with respect to all 
major coal fields of the United States, the 
new synthetic fuels demonstration plant 
will test fuels from several to determine 
their suitability for making synthetic oil 
nd gasoline. It is to be operated in con- 
junction with a research and development 
laboratory at Bruceton, Pa., and will 
verve as a proving ground for processes 
developed to convert part of this country’s 
immense coal reserves into liquid fuels to 
Sipplement our limited petroleum re- 


irces, 
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Fig. 9—Diagram of steam cycle 
including turbine losses 
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Fig. 10—Diagram of simple gas turbine 
cycle including turbine and com- 
pressor losses 
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SCRAPER SYSTEM 


Users will tell you how this system has put handling and 
storage on the most economical basis—how it makes bet- 
ter, safer stockpiles, and reclaims coal at only a few cents 
per ton. The Sauerman Scraper is a one-man machine 
that serves as a self-loadin3 conveyor, with large handling 
capacity, and long reach. It utilizes ground space of any 
size or shape. It builds higher piles, free from air-pockets. 
It protects from spontaneous combustion. Reduces dust. 
Send for Sauerman catalog now and see what this equip- 
ment is doing for others! 
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@ You adhere to code requirements for maximum safety 
and efficiency in operating your a It's up to 
you to select equipment that follows code procedure and 
gives you the most satisfactory service. 

Probably the best practice in applying the rule for two 
gages on boilers operating at over 400 psi is by means 
of a water column assembly. This provides 
flexibility of placement, ease of providing 
mechanical support, greater stability of 
water level lotionsions rovision of high 
and low alarm signal if desired (up to 
900 psi), and over-all convenience and 
safety of operation. 


“Single water column with two gages” 
is the most popular selection, according 
to Reliance experience. Principal water 
column manaiienenee for 63 years, Re- 
liance practice is to give you a wide mar- 
gin of safety in rugged construction, fully 
approved a procedure ... and ex- 

rtly custom-made equipment. W rite for 
information on twin gage water columns. 





EYE-HYE Remote Reading Gage 


is a “duplicate” gage that gives you accurate 
water level reading at convenient stations — 
on wall or instrument panel. Models for 


a@ny pressure. More than 7000 in service. 


Reliance Columa 
W75 with alarm; 

inserts with 
iMuminators 
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W650 Reliance 
Water Column; 
double window 





















Reliance W1000 
all- welded seam- 
less tube type 

jater Columa. 
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Since the first of the year Anchorage, 
Alaska, has been receiving much needed 
additional power from a unique source, 
the 5400-kw G.E. marine turbine-electric 
power plant located in the stern half of a 
former government-owned tanker, the S.S. 
Sacketts Harbor, which previously had 
broken in two during heavy weather in the 
North Pacific. The bow section had been 
sunk by the Navy while the stern half pro- 
ceeded to Adack, Alaska, under its own 
Later the city of Anchorage, ur 
gently needing additional power generating 
capacity, leased the stern half containing 
the turbine-electric power plant from the 
Government and had it towed to An 
chorage 

Although the electrical characteristics 
of the turbine-electric power plant fit well 
with the city’s original electrical distri 
bution system, several engineering prob 
lems had to be surmounted before the stern 
half could furnish power. The ship could 
not be anchored out in the inlet because 
of the swift water and tidal action. In 
winter ice cakes fill the Inlet, some as large 
as the ship. Also, the water in the Inlet is 
full of glacial silt and thus unfit for con 
denser cooling water 

A flat spot was dredged on the beach 
and the ship run aground at one of the 
high 33-ft tides. Once in position, the 
cargo tanks, holding three million gallons, 
were filled with fresh water, supplied by an 
8-in. pipe line from the shore. Holes were 
cut in the bulkheads separating the tanks 
to permit circulation of the water. Pipes, 
20 in. in diameter, were connected from 
the main condenser to the tanks. This 
system provided a cooling method as well 


power. 











Alaskan Town Has Unique Source of Power 


as a means of retaining water ballast with 
out danger of freezing during winter 
months when temperatures often reach 30 
deg below zero. 

At high tide, the ship stands in 25 ft of 
sea water; at low tide, it is high and dry. 
The operation of the power plant is inde- 
pendent of the sea water except at high 
tide when the outside water aids in cooling 
the fresh water in the cargo tanks, heated 
by accumulation from the main condenser 
Operation of the power plant is little dif- 
ferent from operation of the ship at sea. 

Power supplied to the city’s lines fits 
readily due to the turbine-electric power 
plant's 3-phase, 60-cycle, 2300-volt, unity 
power factor rating. The turbine gover- 
nor holds the frequency constant. A 
master clock is installed on the switch- 
board, necessitating only slight adjust 
ments to the governor by the operator 
each hour to keep the electric clocks on 
the system on time. The voltage of the 
main generator is regulated by an am 
plidyne generator and regulator which 
holds very constant terminal voltage on 
the main generator. One of the two 525 
kw auxiliary turbine-generator sets sup 
plies power for the ship's auxiliary electri 
cal requirements and excitation 


Havana Power Station Put in 
Service 


From July 12 to 19 the Illinois Power 
Company held open house to some six 
thousand visitors to mark the starting of 
its new Havana Power Station, located on 
the east bank of the Illinois River about a 


View of ship at low tide 
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mile south of the city of Havana and about 
forty miles downstream from Peoria, III. 
An aerial view of the plant is shown on the 
cover of this issue. 

This new station will serve the com- 
pany’s northern and central divisions 
through 138-kv transmission lines and will 
also connect by a 138-kv tie line with a 
proposed new plant to be located at Wood 
River, Ill., for supplying the southern di- 
vision of the system. 

It is designed for an ultimate capacity 
of 200,000 kw, consisting of five 40,000-kw 
turbine-generators supplied with steam at 
850 psi, 900 F by 7 CE 285,000-Ib-per-hr 
steam generating units. The initial sec- 
tion consists of two turbine-generators and 
three steam generating units. The second 
section, to have three turbine-generators 
and four additional steam generating 
units, is now under construction under a 
schedule calling for operation of Unit No 
3 in October 1948 and the remaining units 
in April 1950. 

The steam generating units are of the 
three-drum type with completely water- 
cooled hopper-bottom furnaces. They are 
served by C-E Raymond bowl mills and 
have vertically adjustable tangential burn- 
ers which are supplemented with bypass 
dampers for superheat control. Tubular 
air preheaters are incorporated in the 
units. Provision is made for receiving coal 
by water, rail or truck, although it is ex 
pected that the bulk of the coal require- 
ments will be delivered by barge from the 
Fulton County fields on the west side of 
the Illinois River about fifteen miles up- 
stream from the plant 


Eritish Power Station Practice 


In a recent paper before the Incor- 
porated Municipal Electrical Association, 
reported in Engineering of July 25, F. W. 
Lawton gave some interesting figures on 
the growth of electricity demand and 
supply in Britain from 1938 to 1945, dis- 
cussed current practice in design, and cited 
the performance of certain well-known sta- 
tions 

During this seven-year period the na 
tional peak demand increased by 33 per 
cent, reaching nearly 9,000,000 kw; the 
electrical consumption rose 60 per cent; 
and the power factor increased from 36.8 
to 43.8 per cent. Notwithstanding the 
cessation of hostilities, the higher load 
factor is being maintained. However, 
despite the installation of much new effi- 
cient equipment, the average station effi- 
ciency has remained about the same, due 
to deterioration in the calorific value of the 
coal supplied and to the existence of much 
obsolete equipment remaining in service 


Large Advances in Fuel and 
Construction Costs 


Since 1938 the average cost of coal has 
increased by 114 per cent and the average 
cost of new plants by 87'/: per cent, the 
present cost per kilowatt being about 40£ 
($160). The annual tonnage of coal 
burned in pulverized form has more than 
doubled, to 4,401,000 tons and that burned 
on stokers has increased by nearly 50 per 
cent, to 18,104,000 tons. 
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Cut Handling Costs at 


A 
BOTH 
ENDS 


COAL HANDLING 


With Beaumont Birch Coal Handling 
Equipment, one operator controls all 
coal from the time it arrives by rail and 
is dumped in the track hopper, through 
its lifting by bucket elevator, to its use 


—immediate or future. 


ASH REMOVAL 


The Beaumont ‘“Vac-Veyor” system of- 
fers the most direct and economical 
method for removal of ashes, siftings, 
soot and dust. They are vacuum con- 
veyed through a pipe from their source 
to an ash receiver and separator—then 
into the silo where they remain until 


final disposal. 


Beaumont engineers design and erect 


this equipment—a complete coal and 





ash handling system. This brings you 





savings in installation as well as in 
handling costs—you have one contract, 


we have sole responsibility. 


Write for more information to: 


BEAUMONT BIRCH 


1506 RACE STREET—PHILADELPHIA 2, 


48 


PENNA. 
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As to new plant construction, it is esti- 
mated that during the next five years boiler 
plant capacity of over 72 million pounds of 
Steam per hour will be added, of which 
two-thirds will be fired with pulverized 
coal. 

With regard to pulverized-coal-fired 
boilers, it is significant that the majority 
are of the dry hopper-bottom type. Only 
one slagging-bottom furnace is now under 
construction. Observing that since 1938 
practically no superposed plants have been 
installed, the author contends that they 
can be justified only if the load factor is 
over 60 per cent. 


Load Factors Govern Steam Conditions 


With fuel at 55 s ($11) per ton and con- 
sidering the present plant construction 
costs, steam conditions of 900 F and 900 
psi can be justified at load factors exceed- 
ing 40 percent. With higher steam condi- 
tions, higher load factors are believed 
necessary to show financial gains. Of 
nearly six million kilowatts new capacity 
to be installed during the next five years, 
approximately half will be operated at 600 
psi and 37.5 per cent at 900 psi. Turbine- 
generators of 50,000 kw and 60,000 kw are 
becoming quite common and in these sizes 
hydrogen cooling appears justified when 
the load factor exceeds 40 per cent. 

Although the average overall thermal 
efficiency of all selected stations supplying 
the Grid is about 21 per cent, much higher 
efficiencies are being obtained at certain 
riverside stations, notably Battersea with 
28.82 per cent, and Dunstan with 27.85 
per cent. Hams Hall, a cooling-tower 
station, reports 27.3 per cent overall effi- 
ciency. 


Lignite One-Third of U.S. Fuel 
Supplies 


Testifying recently before a subcom- 
mittee of the House Committee on Public 
Lands, in a hearing on the bill to provide 
funds for the establishment and mainte- 
nance of aresearch laboratory in the North 
Dakota lignite-consuming region, Dr. A.C. 
Fieldner and Dr. L. C. McCabe of the 
U. S. Bureau of Mines stated that lignite 
constitutes nearly one-third of the na- 
tion’s solid fuel reserves. Despite this, 
American research for full industrial utili- 
zation..of this source of energy has been 
much less extensive than that in Germany 
with comparable fuel. 

Pointing out that the development of 
uses for lignite in this country would con- 
serve our high-rank coal and would further 
industrial development of the Great 
Plains states, Dr. Fieldner declared that 
North Dakota has more than 60 per cent 
of the known reserves of lignite in the 
United States. The total tonnage of this 
fuel is estimated by the Geological Survey 
at 939 billion tons, of which 600 billion 
tons are in North Dakota and 315 billion 
tons are in eastern Montana. These re- 
serves, together with the small amount in 
South Dakota, represent 98 per cent of 
this country’s lignite reserves. 

The total lignite deposits amount to 32 
per cent of our unmined fuel tonnage or 
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19 per cent of our mineral fuel reserves 
other than fissionable materials, Dr 
Fieldner reported. Lignite usually has a 
heating value of less than 7000 B.t.u. per 
pound which is approximately half that of 
our best bituminous coal. As mined, it 
generally contains from 30 to 40 per cent 
moisture and when dried in air it slacks and 
ignites, making storage for long periods or 
shipment to distant points of consumption 
difficult 


In attempting to overcome some of the 
difficulties of using the fuel, the Bureau of 
Mines in cooperation with the University 
of North Dakota and the Minnesota 
North Dakota Resources Development 
Commission investigated a feasible drying 
process that prevents slacking and at the 
same time raises the heating value from 
7000 to 10,000 B.t.u. per pound. Further 
research on this process is necessary, how 
ever, to expand the magketability of lig 
nite. 

Additional research also is needed on 
other possible uses suggested by Dr 
Fieldner, such as the raw material source 
for the commercial production of synthetic 
ammonia for fertilizers and explosives, in 
the production of methanol for plastics, 
solvents, and chemical uses, in making 
synthetic gasoline, diesel oil, and fuel oil, 
and for the reduction of iron ores 

According to Dr. McCabe, much of 
Germany’s industrialization has been de 
veloped around German brown coal, a 
lignitic coal somewhat similar in character 
to deposits in this country. Less than a 
decade ago 50 per cent of the brown coal 
was used to generate electric power at the 
mine site and 60 per cent of all power was 
generated in this way. The highly de 
veloped briquetting industry used 23 per 
cent of the lignite tonnage, and during the 
war briquets were the only solid fuel avail 
able to most German households. Bri 
quets also were shipped to France, Bel 
gium, and the Netherlands to supply the 
domestic market while the metallurgical 
and by-product coals of these countries 
were drawn off to supply the German war 
industry. Brown coal also was an im- 
portant raw material source in the produc- 
tion of synthetic gasoline and fuel oil be 
fore and during the war, 21 per cent of the 
production being used for this purpose in 
1938. The same year, chemical and gen 
eral industry consumed about 6 per cent 
of the production. 

Lubricants and margarines were pro 
duced from the lignites of Western Ger- 
many and the brown-coal mines of Saxony 
yielded a high melting point wax known as 
Montan wax. Prior to the war, the 
United States imported 8 million pounds of 
this wax annually for use in the insulation 

of electric wiring, phonograph records, 
shoe polish, and floor waxes. The cost of 
the wax in the raw state delivered in the 
United States was about 60 cents a pound 

Seeking an alternate source for the Ger- 
man waxes which are now in the Russian 
Zone, the Bureau of Mines has conducted 
a limited amount of analysis on lignites in 

this country and those from Arkansas and 
California have shown from 10 to 13 per 
cent of recoverable wax. To experiment 
lurther on these coals, a small recovery 
plant has been built in Arkansas, Dr. Mc- 
Cabe reported. 
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In order to obtain th: above photograph, coal was run onto a chain gratz stoker and then the coal in the foreground 





was carefully removed 


Note that the coarse streak of coal shows a 
definite separation or segregation from the 
finer coal on each side. Where this condi- 


tion exists fuel is wasted, boiler efficiency is 
materially reduced and arches require far too 
frequent attention. 

CONICAL Non-Segregating Coal Distributors 
deliver coarse and fine coal in uniform mixture 






Coal 


Photograph is taken inside the boiler looking toward the stoker hopper 


across the stoker hopper. Combustion is uniform 
—no “hot spots’ or smothered areas in the 
fuel bed. The result is higher boiler efficiency, 
lower fuel con umption and less stoker arch 
maintenance. 

For particulars on CONICAL Non-Segregating 
Coal Distributors, write to STOCK ENGINEERING 
COMPANY, 715 HANNA BUILDING, CLEVE- 
LAND 15, OHIO 


CONICAL 


Non-Segregating 
Coal Distributors 


S.E.CO. 


Valves and Coal Scales 







Electric Output Continues Upward 























Output of electric utility plants continues to increase 
steadily, a new August record having been reached with 
4,805,740,000 kw hr for the week ending August second. 
This figure was 10.5 per cent over that for the corres- 
ponding week last year and 8.4 per cent over that of 1945. 
The greatest percentage increase was in the Pacific coast 
region. 

Total revised figures for July have not yet been made 
available by the Federal Power Commission but figures 
for June showed a total output of 19,917,000,000 kw hr, 
representing a gain of 14.3 per cent over June 1946, and a 
June peak of 41,699,000 kw. This latter was 12.3 per 
cent higher than June of last year and exceeded the war- 
time peak of 38,252,630 which was reached in January 
1945. The all-time high was attained in December 1946 
with a peak of 43,173,808 kw. ° : 

The fuel consumption of electric utility plants in June 
was 6,631,585 tons of coal, 3,273,323 bbl of fuel oil and 
33,078,037 mef of gas. Hydro accounted for approx- 
imately one-third the total output, a percentage that 

| has held fairly constant over a considerable number of 
| years. 


IMO pumps provide the steady, 
pulsation-free delivery conducive to 
a steady flame and efficient com- 
bustion. 

The IMO is a positive displace- 
ment rotary pump of unique design 
havingno pistons, valves, sliding vanes, 
or intermeshing gears to cause inter- 
mittent delivery. 

For further information write for 


Catalog I-137-C 


> 


Qn’ IMO PUMP DIVISION of the 


DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 
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RITCHARD offers the KEY 
HIGHER PROFITS .. . 


LOW-COST 






Hi-Pressure Gage Glasses 


Round, Tubular and Flat Type 



















RUBBER GAGE 


GLASS GASKETS 


Benefit from our broad experience in the Series 750... All Sizes 


design, engineering and construction of 
UTILITY and INDUSTRIAL POWER 
PLANTS, either complete new stations or 


additions and alterations. Any 
part of our comprehensive | . lo. 4 
service is available separately. © P | GAGE GLASS LLUMINATORS 


Inclined tor 
Better Visibility 
Standard Type—Offset 


Adjustable Inclined 
Gage Fittings 





Other Ernst Specialties 


NEW PLASTIC GUARDS 
SIGHT FLOW INDICATORS 
SPLIT-GLAND WATER GAG 


POWER DIVISION * FIDELITY BLDG. © KANSAS CITY, MO. i Se ohace saints 


Dette earls 
Te te { al; - . Leakless Super Try Cocks, Bronze 


ENGINEERS * CONSTRUCTORS * MANUFACTURERS Send for Catalog 48P 94 Forged Steel Construction 


Offices in Key iach Coast to re 
Consult Sweets Files, Chemical Engineering Catalog, Crnst WATER COLUMN & GAGE C0. 


Refinery Catalog, ASH & VE Guide for full information LIVINGSTON, N. J LIVINGSTON 6-1400 
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NEW CATALOGS 
AND BULLETINS 


Any of these publications will be sent on request 
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. Electric Turbine Governer 

~ 

r- General Electric Co. describes in publi- 

y cation GEA-4764 an electric governor of 

A new design providing accurate control 

6 over a wide speed range for G-E Type DE 
turbines. 

1e Salient features of the governor’s com- 

d ponents are shown in cutaway photographs 
of the unit’s interior. A schematic dia- 

K- gram illustrates the interrelationship of 

at speed sensitive element, control panel and 

of relaying mechanism. With constant 


steam and load conditions speed variations 
of plus or minus one-tenth of one per cent 
or less are claimed. 


Engineering Data Booklet 


The Leslie Co., manufacturers of pres- 
sure and temperature regulators and con- 
trollers, strainers and whistles, has issued 
a new 12-page bulletin, No. 467, ‘“‘Engi- 
neering Data and Reference Tables.” 
The tables contained should provide useful 
information for laying out piping and asso 
ciated equipment. 


Feedwater Heaters 


Cochrane Corp. has just issued Publica- 
tion 4091 which describes three lines of 
open heaters for direct-contact heating of 
boiler feed and industrial process waters 
using exhaust or live steam. This 24-page 
bulletin discusses the advantages of direct- 
contact open heaters and gives the char- 
acteristics of different designs. Also given 


are flow diagrams, installation photographs 
and a descripton of accessories. 


Feedwater Regulators 


Bulletin No. 471 by Northern Equip- 
ment Co, describes the Copes Type P 
egulator for remote boiler feedwater con- 
rol. This regulator, originally developed 
» meet wartime needs of boilers on ships, 
available as a single element unit, for 
imple level control, or as a two-element 
~opes Flowmatic Control. Since it is air 
verated, it permits placing the feedwater 
itrol valve at any location with respect 

© the thermostat, making this type of 
ontrol easily adapted to any piping lay- 
or operating preference. Both the 
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single- and two-element controls are de- 
scribed in detail and illustrated diagram- 
matically. Also included is a list of speci- 
fications. 


Also recently released by Northern 
Equipment Co. is Bulletin No. 429B de- 
scribing the Copes Flowmatic Regulator. 
The bulletin contains installation views, 
performance curves and a schematic draw- 
ing showing the operating principle of the 
Copes Flowmatic Regulator using a direct- 
operated valve. A list of specifications 
for this regulator is included. 


Flow Measurement 


Catalog Section 25-E, recently issued 
by Fischer & Porter Co., describes the 
Series 700 Flowrator. This 24-page book- 
let illustrates and describes the construc- 
tion of several types used for measuring 
flow of liquids and vapors, including a new 
bead-guide metering tube for use with 
opaque fluids. Also included are descrip- 
tions of portable flowrator test kits, flow 
alarms and remote indicating, recording, 
controlling and proportioning instruments. 


Insulation 


Geo. P. Reintjes Company announces 
suspended wall locking for water walls 
which is described in Bulletin B-547. The 
bulletin is well illustrated showing details 
of instruction particularly of the locking 
device for holding the insulation to the 
tubes. The factors in selection of section- 
ally supported walls are given. Addi- 


tional information may be found in Cata- 
log C-46. 


A new 40-page catalog on plastic fire- 
brick has been issued by the Laclede- 
Christy Clay Products Co. This well- 
prepared catalog is profusely illustrated. 
Included are close-ups of both metal and 
refractory anchors and how they are used 
in installing walls. Typical applications 
to boiler furnace constructions are given. 
A section is devoted to plastic suspended 
arches while another illustrates and de- 
scribes several of the Laclede specialties 
such as doors and refractory materials. 
Engineering tables and data on Laclede 
products complete the catalog. 


Instruments and Meters 


Bailey Meter Co. has issued Bulletin 
231 describing their line of electronic in- 
struments. Combinations -of standard 
indicating, recording, integrating and con- 
trolling instruments are available and are 
adaptable to the measurement of tempera- 
ture, pressure or vacuum, fluid flow, liquid 
level, speed or position, smoke density and 
per cent oxygen and combustibles. In- 
cluded in the bulletin are descriptions of 
the various units and drawings of several 
measuring circuits. 

Bulletin 233 by Bailey Meter Co. de- 
scribes their new electronically operated 
area meter for flow measurements. It 
consists of a transmitter installed in a pipe 
line like a valve and an Electronic Type 
Receiver which may be located at prac- 
tically any distance from the transmitter. 
Accurate measurement of the flow of more 
viscous liquids such as tar, chemicals, 
black liquor, distillates and refrigerants, as 
well as freer flowing liquids is claimed. 


Moeshanteol Drive Turbines 


The Elliott Co. has just issued Bulletin 
H-16 giving a brief description of its new 
YR mechanical drive turbine. Included 
in the bulletin is a brief history of the de- 
velopment of mechanical drive turbines. 
It covers both general and material speci- 
fications of this new turbine and shows a 
detailed section through the unit with an 
explanation of the various features. Also 


covered are ten modifications to standard 


turbines and the six types of governors 
available. 


Type E Stoker 


Combustion Engineering Co., Inc., has 
issued Catalog No. E-12 describing its 


Type E single-retort underfeed stoker. 
This stoker, which burns caking or non- 
caking bituminous coals and waste fuels 
such as wood refuse in combination with 
coal, is usually applied to boilers ranging 
from 150 to 600 rated boiler horsepower, 
providing steam capacity up to 50,000 Ib 
per hr. The catalog summarizes the 
features of the stoker and discusses 
construction, installation and operation. 
Also shown are cross-sectional and in- 
stallation views. 


Water Softeners 


The essential function of a hot process 
water conditioning system is explained and 
diagrammed in a new 12-page bulletin 
(28B6611) recently issued by Allis-Chal- 
mers. Description of the equipment and 
an explanation of what it is designed to do, 
together with the mechanism of its opera- 
tions, are included. Functions of various 
equipment items such as the reaction and 
sedimentation tank, spray heater, vent 
condenser, vacuum breaker and chemical 
feeding equipment are given. Also covered 


are condensate and treated water storage, 
phosphate softening and silica removal. 
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A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY 


WOODBERRY, BALTIMORE, MD. 
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